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SIMULATION OF A URANIUM VAPOR RELEASE
IN THE HIGH ALTITUDE ATMOSPHERE

I. Introduction:

High altitude nuclear explosions can lead to greatly enhanced iifrir,.d

radiation in the earth's atmosphere and can thereby have a deleterious effec.

on defensive iafrared systems. This enhanced infrared radiation has a numbr

of sources: direct plasma radiation from the nuclear burst created pla.-n;

creation of increased densities and/or increased temperatures of natirl

atmospheric infrared radiators such as hydroxyl, nitrogen oxides and carbon

oxides; and also infrared radiation of weapon and vehicle debris specis lti,1i

are vaporized in the explosion. Recently it has been recognized that i1rriio,-

and its oxides are likely to be the dominant infrared activ,- sci,,< It 1 1

minutes and later following a high altitude nuclear detonation (.r:sLrme,

1981).•

The Defense Nuclear Agency has an interest in developing methodst

predict the infrared radiation after a high altitude nuclear event. Armstr'.

points out those areas where there is a severe lack of knowledge required to

make accurate predictions. In order to measure the spectral lines and the

strength of long wavelength infrared emission it is expected that fairly larg,

releases of uranium vapor will be necessary in the earth's high atmosphere.

Only after such measurements are made will accurate predictions become

possible. With this requirement in mind, we have considered the scenirio

originally described by Reidy (1980) involving the prompt deposition of 2 k,

of uranium vapor at an altitude of 200 km. Current experimental release

techniques are short of being capable of this rapid a deposition by orders of

magnitude.

In this memorandum, we present results for the temporal evolution of a

uranium vapor release at approximately 200 kilometer altitude in the earth's

atmosphere. The results are obtained by numerical simulations using a simple

model and can be used to plan such an experimental release. The results

describe both the chemical and hydrodynamic evolution for one experimental

scenario for time periods of a few tens of seconds. We predict a uranium ion

cloud extended along the field but narrow perpendicular to the earth's

magnetic field. The ion densities are high for minutes after release with the

Manuscript approved August 18, 1983.
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ions, UO+ and UO+  , formed in shells around the release point. The time
2+

scale for complete oxidation of U to UO2 is demonstrated to be a few tens of

seconds.

1I. Simulation Model:

We consider a simple one-dimensional model of the uranium release. The

temporal evolution of each species, denoted a, is described by equation 1.

an an ;) an 
- -- hydro + - diff + -C chem (1)

at at at at

The first term on the right is the change in the concentration from

hydrodynamic transport. The second term describes diffusion of ions through

ions and neutrals through neutrals. The third term treats chemical

transformation of the individual species.

The hydrodynamic transport of ions and neutrals is done separately. The

transport equations are:

continuity

aP 
s at - V.(Psvs), (2)

momentum

-s
=-(v .sV)v - p V(ps + qS) - pt(v - Vt) (3)

and energy

aP 
s

at = - V(ps) -v - 1) (Ps + q.) Vv's

-u sp (TtTs) + (y-l) Ps Pt (v - v )2 (4)

sp t s(Ps + Pt)- s -s -t

Here s denotes either the ions or the neutrals and t denotes the other. The

symbols p ,v, p, T, and q are density, flow velocity, pressure, temperature,

2
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and artificial viscosity respectively. y is the ratio of specific hPats and

0 the collisional coefficient of friction.

In this simple one dimensional model of transport we treat two specific

cases; transport perpendicular and transport parallel to the ambient

geomagnetic field. Perpendicular to B the neutrals are transported

spherically and the ions are frozen to the unmoving field. Parallel to B, the

neutrals are transported spherically and the ions are transported along a

cartesian axis parallel to the field. The two cases of the simple one-

dimensional model should give reasonable estimates for the size of a release

cloud in the atmosphere. Since the transport model allows for diffusion

between ions and neutrals our diffusion model only needs to consider neutrals

and ions diffusing through themselves.

The diffusion equation in a multi constituent gas can be expressed

(Burgers 1969)

P
p p a 0Cv - v T(Vp - -a Vp). (5)

where p is the total density. An exact solution for diffusion can be obtained

by inversion of (5) and substitution of the species velocities into a set of

coupled continuity equations for each specie. For our model here however we

approximate (5) and obtain a decoupled set of continuity equations. We assume

a o , a constant, which allows us to express the effects of diffusion as

a
= -7.('(V p/p), 

(6)

where K is a diffusion coefficient depending on a • We have tested this

simplified diffusion model and have obtained reasonable results. The

simplification of diffusion, while not totally accurate, yields results which

are within a factor of two.

The effects of chemistry on the species are computed in a series of rate

equations

an
at kmtnsn t  (7)
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The reactions of concern and their rate coefficients, kst, are shown in Table

1 which are taken from Armstrong (1981) and Archer (1982).

The final part of the model is the specification of the neutral

atmosphere. We have taken species concentrations and a temperature

appropriate to moderate solar activity, daytime, 200 km altitude conditions;

they are [0] 4.4 x 109 cm 3 , [N2] = 4.2 x 109 cm
3 , and [021 =

2.6 x 108cm 3 . The neutral atmospheric temperature is 0.1 ev.

III. Results:

We have solved the model equations 1,2,3,4,6, and 7 for a uranium vapor

release at 200 km altitude in the atmosphere. We have assumed a prompt

release of 2 kg of atomic uranium, approximately 5. x 1022 atoms. The

temperature of the uranium vapor is taken as 0.276 ev. Three sets of

solutions were obtained with the diffusion coefficient, K, as a parameter to

study the effects of diffusion on the release evolution. In the first, or

nominal, case K was taken as 0.1 km2 /sec, a nominal diffusion coefficient at

200 km altitude. For an appropriate gradient scale length of 100 m the

diffusion velocity is 100 m/sec. This value is about 17% of the sound speed

at that altitude. We have also obtained results for diffusion coefficients

1/3 and 3 times the nominal value. The slower diffusion rates lead to very

slow oxidation of the uranium vapor and are therefore uninteresting. In the

following sections we show results for nominal diffusion and faster diffusion.

Figures I through 14 show results for the simulation perpendicular to the

geomagnetic field with nominal diffusion. Figure I shows the initial

conditions of the release. The vertical axis plots the logarithm to the base

10 of the gas concentration while the horizontal axis measures radius of the

release in km. The uranium vapor has a radius of 200 m and has displaced the

ambient atmospheric species. We have tested a number of initializations and

find that the results after a few seconds are insensitive to details of the

initial conditions.

Figures 2, 3, and 4 show the neutral gas concentration at 2, 5, and 10

seconds respectively. Initially both atomic and molecular oxygen are burned

out of the release cloud in oxidizing the uranium gas. The atomic oxygen is

able to diffuse into the cloud by about 5 seconds but the molecular oxygen

continues to be consumed as it diffuses in for times longer than 10 seconds.

4
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Table I

Chemical Reaction Rate Coefftcientt

(I) U+0 UO -* e- 5 S C-  C

(2) +0 2  1302 e- 3.8 x 1 - 12 c)n3/se c

(3) + 09  UO + 0 1.8 x 10
- ) cm3 !se

e

(4) U0 + 0 U U-e 4 x I c L

(5) U0 + 0+ UO,+ 0 2 x 1) cin sec

(6) U0 + + 02+ UO+ + 0 - x 1l0 3 sec
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The different behaviour of atomic and molecular oxygen is due primarily to

their different concentrations in the ambient atmosphere; there just is not

enough molecular oxygen around to rapidly fully oxidize the cloud.

The resulting ion cloud concentrations are presented in Figures 5 through

11 for post release times of 2 to 50 seconds. The UO+ component forms in a

shell like structure at a radius of about 200 meters from the release point.

The shell is formed at a burning front between outward diffusing uranium vapor

and inward diffusing atomic oxygen, and the ions are frozen in the geomagnetic

field at their point of oxidation. The initial oxidation of uranium gas to
++ +UO is complete by 5 seconds. Further burning of UO to U01) by molecular

oxygen then takes place in an outer shell which slowly moves inward as

unconsumed molecular oxygen is able to diffuse inward. The complete oxidation

of uranium vapor to UO+  takes between 40 and 50 seconds. The final ion
2

densities of 101 cm- 3  in the shell are higher than would occur in an actual

release because this one-dimensional model does not allow for diffusion

parallel to the magnetic field. From studying our one dimensional parallel

release results we would expect the maximum ion cloud densities to be about

109 cm- 3 for this release.

Figures 12, 13, and 14 show the results for UO+ , UO9 and 0.)

concentrations respectively in a different graphical format. We have plotted

contours of concentration versus radius and time after release. Here the

shell structure of the ion cloud is clearly seen. The UO+ forms a shell at

200 meters radius immediately after release. The UO2  shell initially forms

at about 400 meters and gradually builds inward as oxidation takes place. We

are also able to see the cavity formed in the ambient 0, which is only slowly

filled by diffusion from the outside.

A similar set of results for the evolution of the uranium release

parallel to the geomagnetic field is shown in Figures 15 through 24. The

initial conditions, which are identical to the previous case are shown in

Figure 15; note the change in scale on the horizontal axis. The neutral

concentrations for 2, 5, and 10 seconds after release are shown in Figures 16,

17, and 18 respectively. The ion concentrations for the same time intervals

after release are shown in Figures 19, 20, and 21. The qualitative nature of

the temporal and spatial evolution is like that discussed previously for the

perpendicular release. The primary difference in the results is that here the
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ion cloud is able to readily diffuse outward. This parallel diffusion allows

the UO+  to become very extended along,, the geomagnetic field+ The + i

however still confined to the release region as it is consumed by ox idat ion by

molecular oxygen as it attempts to diffuse parallel to the magnetic field.

Figures 22,23 and 24 show contours of UO+ , U0 +  
, and ()9, c Incent ri t ion

respectively for the parallel simulation. Again the r:slts ,rsi m.iiar Lo

those for the perpendicular simulation. The fomition of a ien cloud ,ie,1

about the release point is again clearly seen. Tie shell is broe.de r in. ti is

case, and for UO +  diffusion outward is ver n1otiCe-Cb e. The Inolocal ar

oxygen is depleted in the release Location, and ft this as, the burned oit

region is very much larger as the ions diffuse oatw ird.

The results for the uranium release s im l-atiins .'itl 3 t imes f It r

diffusion are shown in Figures 25 through 26. The initi-i lauditions ire L e

same as used for normal diffusion. Figures 25 and 2 present rtesults of the

perpendicular simulation 10 seconds after release fur the net rils and ions

respectively. Figures 27 and 28 show results for tLe parallel simulatioll.

The results in both instances are qualitatively similar to those represented

previously. The major quantitative differences are a more ipid oxid.ation of

UO + to UO2  allowed by faster diffusion of 0, into the ion cloud, and for the

parallel case, a more rapid diffusion of U01) along the geomapnetic fieId.

Nevertheless the time scale for the complete oxidation of U to U)+ is still

greater than 10 secs.

IV. Conclusions

The results of the numerical simulation of a uranium vapor release at

about 200 km altitude have demonstrated a very consistent and understandable

morphology. For the 2 kg prompt release considered here, it is clearly

demonstrated that the uranium vapor will completely burn out the molecular

oxygen of the ambient neutral atmosphere. Moreover diffusion of molecular

oxygen from outside into the release cloud is not sufficient to rapidly

oxidize the cloud to its final state, LO We have shown that the time

scale for complete oxidation is a few tens of seconds.

It might be thought that increasing the altitude of release would

alleviate the slow oxidation of the cloud owing to faster diffusion rates.

Unfortunately this is probably not the case since the atmospheric molecular

7



oxygen density decreases rapidly with altitude and the burn out would be more

severe. It would appear that the only solution to the slow oxidation problem

4ouli be to release the uranium vapor gradually. However, in this case one

would not have a compact cloud for measurement but would have a long thin

trail of oxidized uranium ions across the sky.

The morphology of the release simulated here has a clearly defined shell

structure. The ion cloud is also greatly extended along the geomagnetic

field. At early times after release the ions form a double shell with UO+I

ions forming outside the UO+ shell. At later times there Ls a single shell of

U 0+  ions with a diameter of about I km perpendicLular to the magnetic field

and a length along the field of more than 10 km. The simulation iadicates

that the ion density in the shell can be expected to be 108 to 109 Cm- 3 . 7-1

is a very high density when compared to the well studied barium vapor releas,

where the ion densities are normally 2 orders of magnitude lower.

These very high ion densities can have important implication for gradie,

drift structuring for the uranium release ion cloud. For barium releases, it

has been demonstrated that ion clouds which have a large conductivitv ratio

compared to the background ionosphere form striations very slowly ('inson,

1975 ). Therefore, we would expect that a uranium vapor release would create

a slowly structuring ion cloud. This situation may be somewhat alleviated by

conducting the uranium release during daytime with higher ambient ionospheric

conductivities. However, on balance the uranium ion cloud should Only slowly

form striations.

In summary, we conclude that a prompt uranium vapor release woull result

In a UO2  Ion cloud in a few tens of seconds. The ion cloud would have a
2

shell like structure and be compact perpendicular to the magnetic field and

very elongated along the field. The ion concentrations would range from 10

to 109 cm- 3 and would develop striated structure very slowly.
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FRADCOM TECHNICAL SUPPORT ACTIVITY COMMANDER
DEPARTMENT OF THE ARMY NAVAL ELECTRONIC SYST'IS COMlAkND
FORT MONMOUTH, N.J. 07703 WASHINGTON, D.C. 20360
OCY ATTN DRSEL-NL-RD H. BENNET 01CY ATTN NAVALEX 034 T. HUGHES
OICY ATTN DRSEL-PL-ENV H. BOMKE OICY ATTN PME 117
OiCY ATTN J.E. QUIGLEY OICY ATTN PME 117-T

OCY ATTN CODE 5011
COMMANDER
U.S. ARMY COMM-ELEC ENGRG INSTAL AGY COMMDANDING OFFICER
FT. HUACHUCA, AZ 85613 NAVAL INTELLIGENCE SUPPORT CTR
OICY ATTN CCC-EMEO GEORGE LANE 4301 SUITLAND ROAD, BLDG. 5

WASHINGTON, D.C. 20390
COM MANDER OICY ATTN MR. DUBBIN STIC 12
U.S. ARMY FOREIGN SCIENCE & TECH CTR 01CY ATTN NISC-50
220 7TH STREET, NE OICY ATTN CODE 5404 J. GALET
CHARLOTTESVILLE, VA 22901

OICY ATTN DRXST-SD COMMANDER
NAVAL OCCEAN SYSTEMS CENTER

COMMANDER SAN DIEGO, CA 92152
U.S. ARMY MATERIAL DEV & READINESS CHD OCY ATTN J. FERGUSON
5001 EISENHOWER AVENUE
ALEXANDRIA, VA 22333

OICY ATTN DRCLDC J.A. 3ENDER

COM LANDER
U.S. ARMY NUCLEAR AND CHEMICAL AGENCY
7500 BACKLICK ROAD
BLDG 2073
SPRINGFIELD, VA 22150
OICY ATTN LIBRARY
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NAVAL RESEARCH LABORATORY
W \5!lN:;;r, D.C. 20375 COMMANDER

OICY ATTN CODE 470C S. L. Ossakow AEROSPACE DEFENSE CO:r4ANO/DC
26 CYS IF UNCLASS. I CY IF CLASS) DEPARTMENT OF THE AIR FORCE

OICY ATN CODE 4701 1 Vitkovitsky ENT AFB, CO 80912
OIY ATTN CODE 4780 J. Huba (100 OICY ATTN DC MR. LONG

CYS IF UNCLASS, I CY IF CLASS)
0O Y ATTN CODE 7500 CO MM.NDER
OICY ACTN CODE 755q AEROSPACE DEFENSE COMIMAND/XPD(ICY ATTN. C u o 7580 DEPARTN'r;T OF THE AIR FORCE
OICY AT'; CODE 7551 ENT AFB, CO 80912
OICY ArTN CODE 7555 OICY ATTN XPD)Q
OCY ATTN CODE 4730 E. MCLEAN OICY ATTN XP
OICY ATTN CODE 4108
'ICY ATTN' CODE 4730 B. RIPIN AIR FORCE GEOPHYSICS LABORATORY
20CY ATTN CODE 2628 HANSCOM AFB, MA 01731

OICY ATTN OPR HAROLD GARDNERCOtT>{NDER 
O1CY ATTN LKB KENNETH S.W. CHAkiPiON.NAVAL SEA SYSTEMS CO.MMA.ND OICY ATTN OPR ALVA T. STAIRWASq!NNTO'N, D.C. 20362 OICY AT TN PHD JURGEN BUCHAUIf:Y ATTN C APT R. PITKIN OICY ATTN PHD JOHN P. MULLEN

C'OL\"tDER AF WEAPONS LABORATORY
NAVAL SPACE SURVEILLNNCE SYSTEM KIRTLAND AFT, K M 87117
OA'LKVEN, 'A 22448 OICY ATTN SUL
OICY ATT'; CAPT J.H. BURTON OICY ATTN CA ARTHUR H. GUENTHER

OICY ATTN NTYCE ILT. G. KRAJEIOFF [CER-N-CHARGE
NAVAL SURFACE WEAPONS CENTER AFTAC
WHITE OAK, SILVER SPRING, MD 20910 PATRICK AFB, FL 32925
OICY ATTN CODE F31 O1CY ATTN TF/.MAJ WILEY

OICY ATTN TN
DIRECfOR
STRATEGIC SYSTEMS PROJECT OFFICE AIR FORCE AVIONICS LABORATORYDEPART. !ENT OF THE NAVY WRIGHT-PATTERSON AFB, OH 45433WASHINGTON, D.C. 20376 OICY ATTN AAD WADE HUNT
OICY ATTN NSP-2141 OICY ATTN AAD ALLEN JOHNSON
OICY ATTN NSSP-2722 FRED WIMBERLY

DEPUTY CHIEF OF STAFFCOMMALNDER RESEARCH, DEVELOPMENT, & ACQ
NAVAL SURFACE WEAPONS CENTER DEPARTMENT OF THE AIR FORCEDAHLGREN LABORATORY WASHINGTON, D.C. 20330
DAIILCREN, VA 22448 OICY ATTN AFRDQ

O|CY ATTN CODE DF-IL R. BUTLER
HEADQUARTERS

OFFICER OF NA;.\VAL RESEAF4 ELECTRONIC SYSTEMS DIVISIONARLINGTON, VA 22217 DEPARTMENT OF THE AIR FORCEOICY ATTN CODE 465 HANSCOM AFB, MA 01731
OICY ATTN CODE 461 OICY ATTN J. DEAS
OICY ATTN CODE 402
OICY ATTN CODE 420 HEADQUARTERS
OICY ATTN CODE 421 ELECTRONIC SYSTEMS DIVISION/YSEA

DEPARTMENT OF THE AIR FORCE
HANSCOM AFB, MA 01732
OICY ATTN YSEA
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HEADQUARTERS DEPARTMENT OF ENERGY

ELECTRONIC SYSTEMS DIVISION/DC ALBUQUERQUE OPERATIONS OFFI"CE
DEPARTIIENT OF THE AIR FORCE P.O. BOX 5400

HANSCOM AFB, MA 01731 ALBUQUERQUE, N' 97115
OICY ATTN DCKC MAJ J.C. CLARK OCY ATTN DOC CON FOR D. SHERWOOD

COMMANDER EG&G, INC.
FOREIGN TECHNOLOGY DIVISION, AFSC LOS ALAMOS DIVISION
W4RIGHT-PATTERSON AFB, OH 45433 P.O. BOX 809

OICY ATTN NICD LIBRARY LOS ALAMOS, NM 85544
OICY ATTN ETDP B. BALLARD OICY ATTN DOG CON FOR J. BREEDLOVE

COMMANDER UNIVERSITY OF CALIFORNIA
RO E AIR DEVELOPMENT CENTER, AFSC LXAWRENCE LIVERMIORE LABORATORY
GRIFFISS AFB, NY 13441 P.O. BOX 808

OICY ATTN DOC LIBRARY/TSLD LIVERORE, CA 94550
OCY ATTN OCSE V. COYNE OICY ATTN DOC CON FOR TECH INFO DEPT

OICY ATTN DOC CON FOR L-389 R. OTT

SAMSO/SZ OICY ATTN DOC CON FOR L-31 R. HAGER

POST OFFICE BOX 92960 OICY ATTN DOC CON FOR L-46 F. SEWARD
WORLDWAY POSTAL CENTER

LOS ANGELES, CA 90009 LOS ALAMOS NATIONAL. LABORATORY
(SPACE DEFENSE SYSTEMS) P.O. BOX 1663

01CY ATTN SZJ LOS ALMIOS, NM 87545

OICY ATTN DOC CON FOR J. WOLCOTT
STRATEGIC AIR CONMAND/XPFS OICY ATTN DOG CON FOR R.F. TASCHEK
OFFUTT AFB, NB 68113 OCY ATTN DOC CON FOR E. JONES

01CY ATTN ADWATE MAJ BRUCE BAUER OCY ATTN DOC CON FOR J. MALIK
OICY ATTN NRT OICY ATTN DOG CON FOR R. JEFFRIES

OICY ATTN DOK CHIEF SCIENTIST 01CY ATTN DOC CON FOR J. ZINN
OICY ATTN DOC CON FOR P. KEATON

SAMSO/SK OCY ATTN DOC CON FOR D. WESTERVELT
P.O. BOX 92960 OICY ATTN D. SAPPENFIELD
WORLDWAY POSTAL CENTER

LOS ANGELES, CA 90009 SANDIA LABORATORIES
OICY ATTN SKA (SPACE COLM SYSTEMS) P.O. BOX 5800

M. CLAVIN ALBUQUERQUE, NM 87115

OICY ATTN DOC CON FOR W. BROWN
SAMSO/MN OICY ATTN DOC CON FOR A. THORNBROUGH

NORTON AFB, CA 92409 OICY ATTN DOG CON FOR T. WRIGHT
(MINUTEMkN) OICY ATTN DOC CON FOR D. DAHLGREN
OCY ATTN M4NL OICY ATTN DOG CON FOR 3141

OICY ATTN DOG CON FOR SPACE PROJECT DIV
CO NANDER
ROME AIR DEVELOPMENT CENTER, AFSC SA\NDIA LABORATORIES

HANSCOM AFB, MA 01731 LIVERMORE LABORATORY

OICY ATTN EEP A. LORE'N:ZEN P.O. BOX 969
LIVERMORE, CA 94550

DEPARTMENT OF ENERGY OICY ATTN DOG CON FOR B. MURPHEY

LIBRARY ROOM G-042 OICY ATTN DOG CON FOR T. COOK
WASHINGTON, D.C. 20545

OICY ATTN DOG CON FOR A. LABOWITZ OFFICE OF MILITARY APPLICATION
DEPARTMENT OF ENERGY
WASHINGTON, D.C. 20545

OICY ATTN DOG CON DR. YO SONG
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OTHER GOVERNMENT B6)INU COIPA;Y, THE
P.O. BoX 37n7

iEPARTMENT OF COMMERCE SEATTLE, LA 98124
NATIONAL BUREAU OF STANDARDS (IE:Y ATT:N G. KEISTER
WASHINGTON, D.C. 20234 OICY ATT N D. 'URRAY

OICY (ALL CORRES: ATTN SEC OFFICER FOR) OlCY ATP:¢ G. HALL
OICY ATT J. KENNEY

INSTITUTE FOR TELECOM SCIENCES
NATIONAL TELECOMLMUNICATIONS & INFO ADMIN Cd.\NLES ST.NK DRAER LABORATORY, INC.
BOULDER, CO 80303 513 TECHNOLr,.Y SQUA.RL
OICY ATTN A. JEAN (UNCLASS ONLY) CA'i3R IDGE, MA 02139
OCY ATTN W. UTLAUT OICY ATTN D.B. COX

OCY ATTN D. CROMBIE OICY ATTN J.P. GILMORE
OICY ATTN L. BERRY

CCMIISAT LABORATORIES
NATIONAL OCEANIC & ATMOSPHERIC ADMIN LTHICUM R(IXD
ENVIRONMENTAL RESEARCH LABORATORIES CLAR.KSFJ' RG, 'I) 2073.
DEPARTMENT OF COMMERCE OICY ATTN G. HYDE
BOULDER, CO 80302
OICY ATTN R. GRUBB CORNELL VNIVERSITY
OICY ATTN AERONOMY LAB G. REID D.-PARTNCNT OF ELECTRICAL ENGINEERING

1-,4-"(:A, NY 1,85%,

!EY ACT'7; D.T. FARLEY, JR.

DEPARTMtENT OF DEFENSE CONTRACTORS

ELECTROqP',CC: S S INC.
AEROSPACE CORPORATION BOX 1 3'9

P.O. BOX 92957 Rij{o'., c: / 58
LOS ANGELES, CA 90009 OICY ATTN i. LOGSTON

OICY ATTN I. GARFUNKEL 01CY ATTN SECURITY (PAJL PHILIPS)
OICY ATTN T. SALMI
OICY ATTN V. JOSEPHSON E03 TECHNOLO;IES, INC.
OCY ATTN S. BOWER 6!16 Wilshirc Blvd.
OICY ATTN D. OLSEN Snta Monica, Calif 90401

OICY ATTN C.B. GABBARD

ANALYTICAL SYSTEMS ENGINEERING CORP
5 OLD CONCORD ROAD ES7', INC.

BURLINGTON, MA 01803 495 JAVA DRIVE
OICY ATTN RADIO SCIENCES SUNNYVALE, CA 94086

OICY ATTN J. ROBERTS

AUSTIN RESEARCH ASSOC., INC. OICY ATTN J-%IS MARSHALL
1901 RUTLAND DRIVE
AUSTIN, TX 78758 GENERAL ELECTRIC COLANY

OICY ATTN L. SLOAN SPACE DIVISION
O1CY ATTN R. THOMPSON VALLY FORGE SPACE CENTER

GODDARD BLVD KING OF PRUSSIA

BERKELEY RESEARCH ASSOCIATES, INC. P.O. BOX 8555
P.O. BOX 983 PHILADELPHIA, PA 19101
BERKELEY, CA 94701 OICY ATTN M.H. BORTNER SPACE SCI LAB
OCY ATTN J. WORKM.AN
OICY ATTN C. PRETTIE GENERAL ELECTRIC CO'IPANY
OICY ATTN S. BRECHT P.O. BOX 1122

SYRACUSE, NY 13201

0ICY ATTN F. REIBERT
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GENERAL ELECTRIC TECH SERVICES CO., INC. JOHNS HD?%I';S UNIVERSITY

H~IES APPLIED P.YSICS LABORATORY

COURT STREET JOHNS HO?>I';S ROAD
SYRACUSE, NY 13201 LAUREL, 'D 21810
OICY ATTN G. MILLMAN OICY ACT, DOCUIET LIBRARIAN

OICY A7T THOMAS POTEMRA

GEOPHYSICAL INSTITUTE 0ICY ATTN JOHN DASSOULAS

UNIVERSITY OF ALASKA
FAIRBANKS, AK 99701 KtAN SCIECES CORP

(ALL CLASS ATTN: SECURITY OFFICER) P.O. BOX 7463

OICY ATTN T.N. DAVIS (UNCLASS ONLY) COLORADO SPRINGS, CO 80933

OCY ATTN TECHNICAL LIBRARY 0ICY ATTN T. MEAGHER

OCY ATTN NEAL BROWN (UNCLASS ONLY)
KANAN TEMPO-CENTER FOR ADVANCED STUDIES

GTE SYLVANIA, INC. 816 STATE STREET (P.O DRAWER QQ)

ELECTRONICS SYSTEMS GRP-EASTERN DIV SANTA BAR3kRA-, CA 93102

77 A STREET OCY AT7N DASIAC

NEEDHAM, MA 02194 OICY ATT: WARREN S. KNAPP

OICY ATTN DICK STEINHOF OICY AITN 'WILLIAM MCNANARA
OICY ATTN B. GAMBILL

HSS, INC.

2 ALFRED CIRCLE LINKABIT CORP

BEDFORD, M 01730 10453 ROSELLE

OCY ATTN DONALD HA-NSEN SAN DIEGO, CA 92121

OICY ATTN IRWIN JACOBS

ILLINOIS, UNIVERSITY OF
107 COBLE HALL LOCKHEED MISSILES & SPACE CO., INC

150 DAVENPORT HOUSE P.O. BOX 504

CHANIPAIGN, IL 61820 SUNNYVALE, CA 94086

(ALL CORRES ATTN DAN MCCLELLAND) OICY ATTN DEPT 60-12

OCY ATTN K. YEH OICY ATTN D.R. CHURCHILL

INSTITUTE FOR DEFENSE ANALYSES LOCKHEED MISSILES & SPACE CO., INC.

1801 NO. BEAUREGARD STREET 3251 HA'NY'ER STREET

ALEXANDRIA, VA 22311 PALO ALTO, CA 94304

OICY ATTN J.M. AEIN OICY ATT'; ."ARTIN WALT DEPT 52-12

OICY ATTN ERNEST BAUER OICY ATTiN W.L. IMIOF DEPT 52-12

OICY ATTN HANS WOLFARD OICY ATTN RICHARD G. JOHNSON DEPT 52-12

OICY ATTN JOEL BENGSTON OCY ATIN J.B. CLADIS DEPT 52-12

INTL TEL & TELEGRAPH CORPORATION MARTIN ,RAIETTA CORP

500 WASHINGTON AVENUE ORLANDO DIVISION

NUTLEY, NJ 07110 P.O. BOX 5837

OICY ATTN TECHNICAL LISRARY ORLANDO, FL 32805
OICY ATTN R. HEFFNER

JAYCOR
11011 TORREYANA ROAD M.I.T. LINCOLN LABORATORY

P.O. BOX 85154 P.O. BOX 73

SAN DTEGO, CA 92138 LEXINGTON, .LA 02173

OICY ATTN J.L. SPERLING OICY ATTN DAVID 1. TOWLE
OICY ATTN L. LOUGHLIN
OICY ATTN D. CLARK
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MCDONNEL DOUGLAS CORPOPLATION PENNSYLVANIA STATE UNIVERSITY

5301 BOL9A AVENUIO IONOSPHERE RESEARCH LAB
HUNTINGTON BEACH, CA 92647 318 ELECTRICAL ENGINEERING EAST

OICY ATTN N. HARRIS UNIVERSITY PARK, PA 16802

OICY ATTN J. MOULE (NO CLASS TO T!ITS ADDRESS)
OICY ATTN GEORGE MROZ OICY ATTN IONOSPHERIC RESEARCH LAB
OCY ATTN W. OLSON

OICY ATTN R.W. HALPRIN PHOTOMETRICS, INC.

OCY ATTN TECHNICAL LIBRARY SERVICES 4 ARROW DRIVE
WOBURN, MA 01801

MISSION RESEARCH CORPORATION OICY ATTN IRVING L. KOFSKY

735 STATE STREET
SANTA BARBARA, CA 93101 PHYSICAL DYNAMICS, INC.

OICY ATTN P. FISCHER P.O. BOX 3027

OICY ATTN W.F. CREVIER BELLEVUE, WA 98009
0ICY ATTN STEVEN L. GUTSCHE OICY ArTN E.J. FREMOUW

OICY ATTN R. BOGUSCH
OCY ATTN R. HENDRICK PHYSICAL DYNAMICS, INC.

OICY ATTN RALPH KILB P.O. BOX 10367

OCY ATTN DAVE SOWLE OAKLAND, CA 94610
OICY ATTN F. FAJEN ATTN A. THOMSON
OICY ATTN M. SCHEIBE
OICY ATTN CONA.D L. LONGMIRE R & D ASSOCIATES

OCY ATTN B. WHITE P.O. BOX 9695
MARINA DEL REY, CA 90291

MISSION RESEARCH CORP. OICY ATTN FORREST GILMORE

1720 RANDOLPH ROAD, S.E. OICY ATTN WILLIAM B. WRIGHT, JR.
ALBUQUERQUE, NEW MEXICO S7106 01CY ATTN ROBERT F. LELEVIER
OCY R. STELLINGWERF OICY ATTN WILLIAM J. KARZAS

OICY M. ALME OICY ATTN H. ORY
OICY L. WRIGHT 01CY ATTN C. MACDONALD

01CY ATTN R. TURCO

MITRE CORPORATION, THE OICY ATTN L. DeRAND
P.O. BOX 208 OICY ATTN W. TSAI
BEDFORD, MA 01730

0ICY ATTN JOHN MORGANSTERN RAND CORPORATION, THE
OCY ATTN C. HARDING 1700 M.AIN STREET
OICY ATTN C.E. CALLAHAN SANTA MONICA, CA 90406

OICY ATTN CULLEN CRAIN
MITRE CORP OICY ATTN ED BEDROZIAN

WESTGATE RESEARCH PARK
1820 DOLLY MADISON BLVD RAYTHEON CO.
MCLEAN, VA 22101 528 BOSTON POST ROAD
OCY ATTN W. HALL SUDBURY, MA 01776

OCY ATTN W. FOSTER OICY ATTN BARBARA ADAMS

PACIFIC-SIERRA RESEARCH CORP RIVERSIDE RESEARCH INSTITUTE

12340 SANTA MONICA BLVD. 80 WEST END AVENUE
LOS ANGELES, CA 90025 NEW YORK, NY 10023

OICY ATTN E.C. FIELD, JR. OICY ATTN VINCE TRAPANI
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SCIENCE APPLICATIONS, INC. TRW DEFENSE & SPACE SYS GROUP

P.O. BOX 2351 ONE SPACE PARK

LA JOLLA, CA 92038 REDONDO BEACH, CA 90278

OICY ATTN LEWIS M. LINSON OCY ATTN R. K. PLEBUCH

OCY ATTN DANIEL A. HAMLIN 01CY ATTN S. ALTSCHULER
OCY ATTN E. FRIEMAN 0ICY ATTN D. DEE

OICY ATTN E.A. STRAKER OICY ATTN D/ STOCKWELL

OICY ATTN CURTIS A. SHITH SNTF/1575

OICY ATTN JACK MCDOUGALL
VISIDYNE

SCIENCE APPLICATIONS, INC SOUTH BEDFORD STREET

1710 GOODRIDGE DR. BURLINGTON, MASS 01803

MCLEAN, VA 22102 OICY ATTN W. REIDY

ATTN: J. COCKAYNE OICY ATTN J. CARPENTER
OICY ATTN C. HU LPHREY

SRI INTERNATIONAL
333 RAVENSWOOD AVENUE
KENLO PARK, CA 94025

OICY ATTN DONALD NEILSON

OICY ATTN ALAN BURNS
01CY ATTN G. SMITH

OCY ATTN R. TSUNODA
OICY ATTN DAVID A. JOHNSON
OCY ATTN WALTER G. CHESNUT

01CY ATTN CHARLES L. RINO
OICY ATTN WALTER JAYE

OICY ATTN J. VICKREY
OICY ATTN RAY L. LEADABRAD
OICY ATTN G. CARPENTER
01CY ATTN G. PRICE
OCY ATTN R. LIVINGSTON

OICY ATTN V. GONZALES
OCY ATTN D. MCDANIEL

TECHNOLOGY INTERNATIONAL CORP
75 WIGGINS AVENUE

BEDFORD, MA 01730

OICY ATTN W.P. BOQUIST

TOYON RESEARCH CO.

P.O. Box 6890
SANTA BARBARA, CA 93111

OICY ATTN JOHN ISE, JR.

OCY ATTN JOEL GARBARINO
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